Leptomeningeal carcinomatosis is an extremely rare, but devastating complication in pancreatic cancer patients with a poor prognosis despite multimodal treatment. We present a 51-year-old male patient with the very rare condition of leptomeningeal carcinomatosis originating from pancreatic cancer. He presented to our hospital with severe headache and neck stiffness 30 months after systemic chemotherapy. Cerebral and spinal MRI as well as cerebrospinal fluid examination confirmed the diagnosis of leptomeningeal carcinomatosis. The patient responded to gemcitabine plus nab-paclitaxel in terms of elimination of tumor cells from the CSF and concurrent clinical improvement for 3 months. The observed findings suggest that the combination of gemcitabine plus nab-paclitaxel is potentially effective in affected cerebrospinal fluid of pancreatic carcinoma patients.
logical examination revealed neck stiffness without further neurological deficits. Cerebral and spinal contrast-enhanced MRI showed leptomeningeal enhancement (Fig. 1) ; lumbar puncture revealed elevated protein (0.52 g/dL), low glucose (42 mg/dL), increased lactate (3.9 mmol/L), and a mild pleocytosis (23 cells/μL). CSF cytology revealed clusters of enlarged, pleomorphic epithelial cells harboring large nuclei and prominent cytoplasmic vacuoles, frequently corresponding to "signet ring cells" (Fig. 2 ). The tumor cells were intermingled with reactive inflammatory cells consisting of lymphocytes and macrophages. Immunohistochemistry of the CSF detected CK7-positive cells, thus, yielding the diagnosis of LC due to an adenocarcinoma ( Fig. 2) .
However, the patient refused treatment escalation to radiotherapy and intrathecal chemotherapy. Instead, he consented to change the systemic treatment regimen to nab-paclitaxel plus gemcitabine. After a few weeks, the patient's condition improved substantially. Headache and neck stiffness vanished almost completely. In addition, CSF cell count had declined to 12 cells/μL and cancer cells were no longer detectable. However, follow-up cerebral MRI showed a slight increase in leptomeningeal contrast enhancement ( Fig. 1) .
Upon the patient's request, treatment was continued with nab-paclitaxel and gemcitabine, without applying intrathecal chemotherapy or adding radiotherapy. Notwithstanding, 3 months later, his condition deteriorated rapidly with palsies of cranial nerves III, IV, VI, and VII, gait disorder and, finally, disturbed consciousness despite systemic chemotherapy with nab-paclitaxel and gemcitabine. The patient died 35 months after the diagnosis of pancreatic cancer, and 3 months after diagnosis of LC.
Discussion and Conclusions
In our patient with unresectable pancreatic cancer, LC was diagnosed when systemic disease had been stable for 32 months following systemic chemotherapy. After initiation of treatment with gemcitabine plus nab-paclitaxel, the clinical symptoms and CSF findings improved substantially and the patient lived for further 3 months, although follow-up MRI was slightly progressive. This case is remarkable in two ways. First, only 15 cases of LC in pancreatic cancer have been published so far [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Most of the patients described in these case reports were male and more than 50 years old, matching the characteristics of our patient. Nearly all of them rapidly deteriorated clinically and died soon after LC was diagnosed. However, in 2 cases, a longer survival has been reported. The patient reported by Hirota et al. [22] lived approximately 3.5 years after the diagnosis of LC. In that case, LC seemed to have completely dissolved following whole brain radiotherapy, and the patient finally died from progressive systemic disease. It remains unclear why whole brain radiotherapy was so efficient in this single patient. More recently, Johnson et al. [32] observed a patient in whom survival of approximately 10 months could be achieved using multimodal chemotherapy including capecitabine, irinotecan, intrathecal topotecan, and bevacizumab. These data underline the extreme rarity but also the severity of LC secondary to pancreatic cancer; patients usually do not survive more than a few weeks.
Second, a clear clinical response could be achieved following treatment with gemcitabine and nab-paclitaxel, which was also accompanied by an improvement of pleocytosis and removal of adenocarcinoma cells from the CSF. Treatment of LC with CSF involvement usually consists of radiotherapy of the brain and spine, accompanied by systemic chemotherapy and intrathecal application of chemotherapeutic agents. Frequently used drugs for intrathecal chemotherapy are methotrexate, cytarabine and thiotepa [12] [13] [14] 33 ]. However, due to possible severe side effects and the necessity of repeated hospitalization, the patient refused an aggressive treatment regimen. Thus, in the present case, treatment was changed to gemcitabine and nab-paclitaxel.
In the last few years, nanoparticle albumin-bound paclitaxel (nab-paclitaxel) is increasingly being used in patients with breast cancer and non-small-cell lung cancer. In contrast to standard formulations of taxanes (e.g., paclitaxel and docetaxel), nab-paclitaxel is associated with fewer hypersensitivity reactions and with better penetration into cancer cells [34] [35] [36] [37] [38] [39] . In addition to greater efficacy and a favorable safety profile compared to standard paclitaxel in these cancer types [37, 40] , the use of gemcitabine plus nab-paclitaxel in patients with pancreatic cancer has also been reported to lead to an improved response rate as well as longer progression-free and overall survival when compared to gemcitabine monotherapy [41, 42] . The main reason for this superiority seems to be a better penetration of nab-paclitaxel into the tumor. One possible mechanism could be binding of albumin by SPARC (secreted protein acidic and rich in cysteine). This glycoprotein is often overexpressed in different types of tumors, leading to a better response to nab-paclitaxel by transferring the drug into the extravascular space [43, 44] . Other studies have discussed SPARC-independent ways such as the gp60 albumin receptor pathway. Binding of albumin to this glycoprotein seems to lead to the forming of transcytotic vesicles and delivering nab-paclitaxel into the cancer cells [45] [46] [47] [48] .
Many chemotherapeutic agents are considered ineffective for treating LC due to their limited ability to cross the blood-brain barrier (BBB). According to the literature, the combination of gemcitabine and nab-paclitaxel seems not very promising. For gemcitabine, data are ambiguous. One study showed that less than 10% penetrate into the central nervous system [49] . In a rat model, Apparaju et al. [50] observed a relative brain distribution coefficient of <0.1, indicating no relevant penetration of the BBB. However, considerably higher values were measured in the brain tumor relative to tumor-free regions of the brain in that study. This was attributed to a more permeable tumor vasculature. On the other hand, Sigmond et al. [51] administered gemcitabine to patients prior to brain biopsy, and, subsequently, detected relevant concentrations in the bioptic samples. Thus, it remains questionable whether gemcitabine reaches the central nervous system in a sufficient concentration. For nab-paclitaxel, data are even more scarce. While paclitaxel is known to have a poor BBB pene- tration [52] , only one study in a mouse model evaluated the uptake of nab-paclitaxel in the brain [53] . Here, nab-paclitaxel only accumulated at low levels in the brain indicating that it cannot cross the BBB. In conclusion, due to the limited ability to cross the BBB, the combination of gemcitabine and nab-paclitaxel seems to be ineffective for LC treatment.
Remarkably, despite the issues discussed concerning BBB crossing, our patient showed rapid clinical improvement when gemcitabine and nab-paclitaxel were administered. He lived for 3 months after the diagnosis of LC, which exceeds survival of most pancreatic cancer patients with LC published so far (Table 1) . One possible explanation for treatment efficacy could be the local impairment of the BBB. In brain metastases secondary to breast cancer, Lockman et al. [54] could demonstrate partial permeability of the BBB, but the uptake of 14 C-doxorubicin and 14 C-paclitaxel into brain metastases were less than 15% compared to 
